abstract: The Różany Strumień catchment located in the north of Poznań is an example of a small anthropogenically-induced catchment. The main aim of this study is to analyse the variability of selected physical and chemical properties of surface waters in the catchment area in the years 1988-2012. It was found that surface waters in the catchment can be classified as hard and very hard, with slightly basic pH. The deterioration of Różany Strumień water quality concerns chemical oxygen demand, conductivity, chlorides, sodium, ammonia nitrogen and nitrite nitrogen concentrations. The authors of the study have noticed a decrease in the amount of phosphates and sulphates in the water. As observed, the hydrogeochemical type of water changed from calcium-hydrogen carbonate-sulphate into calcium-sodium-hydrogen carbonate-sulphate-chloride. Changes in water chemistry are probably a result of anthropogenic impacts, and they can be associated with the transformation of land use in the catchment area, i.e. the ongoing urbanization of the area.
Introduction
Changes in spatial land use in the catchment area often cause changes in water circulation, but also changes in physical and chemical properties of water. Watercourses in urbanized catchments, especially in large cities, have become recipients of contaminated surface runoff and underground tributaries (Wysocka-Czubaszek, Wojno 2014) . Major ions concentration in the natural chemical composition of water hardly ever changes. In urbanized catchments, water quality -influenced by a number of factors and dependent, among other things, on human activity -may be subject to significant changes within a short period of time (Molenda 2010) .
In this study, the authors have conducted a variability analysis of selected physical and chemical properties of surface waters within the anthropogenically-induced catchment of the Różany Strumień. For this purpose highly dispersed, archival data on the chemistry of surface waters were collected. The literature data and the authors' own research findings cover the period 1988-2012. The evaluation of empirical data collected over twenty-five years of research could indicate the direction of hydrochemical changes occurring in surface waters in the Różany Strumień catchment and help estimate how big the impact of human impact in terms of water chemistry is. Moreover, these collected materials may be used as a reference base for measurements conducted since November 2015 under the Integrated Environmental Monitoring by the Różany Strumień Base Station.
A description of the study area
The Różany Strumień (Różany Potok, following the Atlas… 2005) is a left bank tributary of the River Warta. The Różany Strumień catchment is located in the north of Poznań (Fig. 1) . The catchment area, bordered mostly by a watershed of the third rank, is approximately 7.5 square kilometres. According to earlier works, the catchment area was larger, and covered 12.5 square kilometres (Dzwoniarski 1988 (Dzwoniarski following choiński et al. 1995 . A reduction in the area was due to a cut-off of the southern part of the catchment by a railway embankment, and due to the exclusion of the north-eastern part of the area as a result of the development of a sewer system. The network of watercourses within the catchment is seasonal, except for the Różany Strumień (RS). In the area of research, there are some small water reservoirs, the largest of which is Lake Umultowskie (LU). The bathymetric map and morphometric parameters of Lake Umultowskie can be found in the publication of Jańczak and Sziwa (1995) . According to the literature data, the lake area is decreasing: it used to be 3.1 ha in 1975 (choiński 2006), 3.0 ha in 1992 (Jańczak, Sziwa 1995) , and 2.9 ha in 2000 (Kowalik 2005 ). The remaining reservoirs in the catchment are as follows: two retention ponds located south of lake Umultowskie, fish ponds located in the lower reaches of the Różany Strumień in the area of The Różany Mill (RS6), and an artificial retention reservoir in the area of the watercourse estuary to the River Warta (RS7). The area of research is distinguished by young glacial landforms shaped within the Poznań phase of the Baltic ice age. In the west of the catchment, there are hills and knolls of a terminal moraine; with clay being a dominant surface formation (Fig. 1) . central part of the catchment is occupied by the sandur plain (Naramowicki Sandur) composed of arenaceous-gravelly formations. Within the catchment, field denivelation between the Góra Moraska peak and the Różany Strumień estuary amounts to over 100 m, which gives an average downslope of 16‰. The River Warta valley constitutes a drainage base for both surface and ground waters.
Within the catchment, average precipitation oscillates between 500 mm and 550 mm. According to the Institute of Meteorology and Water Management (IMGW), average annual precipitation in the area of Poznań (Poznań-Ławica workstation) in the period 1960-2012 amounted to 528 mm (Rocznik… 2003 (Rocznik… , 2009 (Rocznik… , 2011 (Rocznik… , 2013 . Between 1960 and 1987, the figure stood at 516 mm, and 542 mm between 1988 and 2012 (Fig. 2) .
The flow rates recorded in the Różany Strumień vary along the river course (Fig. 3) . According to Kowalczak (1989) (choiński et al. 1995) . In January 2012 and January 2013, the researchers analysed the unitary runoff structure for the catchment in winter (Andrzejak et al. 2013) . Different runoff conditions in those length of the river is given in km; no measurement made in the RS7 sampling point in February and March 2002 due to high water, the point with disrupted natural flow. two periods imply a great variety of water affluence and hydrogeological activity in the Różany Strumień partial catchments (Fig. 4) . Agricultural land prevails in the structure of land development within the catchment. The central part of the catchment is built-up with housing and services investments and a complex of university premises. The extension of Adam Mickiewicz University campus (at the beginning of the 21st century) and new housing investments resulted in enlarging the proofed area within the drainage basin. It is estimated that, in the years from 1992 to 2012, the proportion of such areas increased from about 5% to 16%. In the future, the figure may even reach 20% (Sojka et al. 2014) . Figure 5 presents changes in the structure of environmental development in the catchment, which occurred over a period of ten years.
A crucial issue in terms of water circulation within the catchment is the methodology of draining off rainwater from built-up areas. Rainwater is collected by either retention ponds or the Różany Strumień, or drained beyond the catchment by means of a sewerage system. Thereby, the duration of water detention within the catchment is shortened or water balance losses occur, respectively. Significant downslopes of the west part of the catchment and poorly permeable formations covering the area are not conductive to rainfall infiltration or water retention, which results in an increased surface runoff.
Methods and the source of data
The conducted variability analysis of physical and chemical parameters of the catchment surface waters was based on 1) available archival documentary -highly dispersed and frequently issued as conference materials or reports for administrative purposes, and 2) research findings from the authors own measurements. Between 1988 and 2012, analyses of physical and chemical properties of the Różany Strumień were carried out irregularly (Table 1) with the application of different parameters. However, as most of the researchers were the academics of the Faculty of Geographical and Geological Sciences (WNGiG) of Adam Mickiewicz University in Poznań, most analyses were performed following a similar methodology as applied at the Hydrochemical Laboratory of WNGiG. In the area covered by the research there are no surface water sampling and controlling points of the countrywide network under the State Environment Monitoring Programme.
In this study, changes in the values of selected indicators were analysed in the following time periods at the following sampling points:
• from 1988 to 2012: RS3 and RS4 (approximately 400 meters distant from one another), set in the Różany Strumień, The average values were calculated as the mean of distribution series x, according to:
where k stands for class, n i -i-class quantity, x i -the i-class mean and n -total number of observations. Due to the lack of continuity in the measurement of water flow in the stream, the authors were not able to convert the concentration of substances to the loads.
In this paper, the authors quote the trophic state indicators TSI of Lake Umultowskie by Carlson (1977) , calculated by Klimaszyk (2006) .
Following the classification of Altowski and Szwiec (Pazdro, Kozerski 1990), a hydrogeochemical type was determined for each analysis.
Research findings The indicators of physical properties
The indicators relating to the physical properties of surface waters include temperature and total suspended solids (TSS).
In the years 1988-2012, the variability of the temperature range of the Różany Strumień oscillated from 4.0°c to 17.6°c ( Values of temperature remain under limit value for quality class I (Rozporządzenie… 2016). As for the TSS, in several cases the research shows a significant overrun of the limit value of quality class II.
The indicators of oxygen conditions
oxygenation, dissolved oxygen, biochemical oxygen demand (Bod 5 ) and chemical oxygen demand (COD-Mn) are among the indicators of oxygen conditions.
The oxygenation in the Różany Strumień and its tributary was analysed in 2001 only (Fig. 7) .
The determined values ranged from 81.6% to 108.0%. In Lake Umultowskie research was also carried out in 2006. It was found that oxygenation reached 103.5% in 2001 and 104.9% in 2006.
In the Różany Strumień and its tributary, the concentrations of dissolved oxygen met class I condition of water quality for nearly the whole of the observation period. The concentrations were within the limits range of 7.0 to 12.0 mgO 2 •dm -3 . only once, in 2002, the concentration of oxygen in the major watercourse of the catchment dropped to 6.1 mgO 2 •dm -3 (too low a concentration to be classified as class II).
The thermal and oxygen profile study of lake Umultowskie (Fig. 8) , carried out in the summer of 1992, implied the lake's slight stratification and reduction in the concentration of oxygen in the water below the depth of 2 m (Jańczak, Sziwa 1995). The oxygen content is < 4 mg•dm -3 at the depth of 2.5 m.
With regard to BOD 5 , the variability range of the parameter values in the surface waters of the analysed catchment oscillated between 0.2 and 8.5 mgO 2 •dm -3 (Fig. 7) . At first, the indicator values were generally within the specification of quality class I; however, since 2001, the values of BOD 5 increased, and even exceeded the limit value of quality class II.
In the years 1998-2012, COD-Mn values varied from 0.4 to 28.8 mgO 2 •dm -3 . Low concentrations occurred in May of 2001 and 2006 only. The indicator showed upper values, near the limit for water quality class I and II, for most of the observation period, exceeding the limit value for class II a few times.
The indicators of water salinity
The indicators of water salinity include general indicators such as conductivity, dissolved substances, hardness and the following ions: sulphates, chlorides, calcium, magnesium. These ions, plus sodium, potassium and hydrogen carbonate, belong to the major type of surface water ions and make up a hydrogeochemical type of water.
The analysed surface waters were characterized by conductivity oscillating between 640 and 951 μ•Scm -1 , dissolved substances -between 519 and 735 mg•dm -3 , and hardness ranging from 284 to 460 mgCaCO 3 •dm -3 . The observed indicators values in all the stream water samples exceeded the limit value of class II (Fig. 9) . The condition of I-II class for lake water (≤800 μ•Scm -1 ) was met for the conductivity parameters.
In the years 1988-2012, sulphates ranged from 82.1 to 192.9 mgSO 4 •dm -3 (Fig. 10) Table 1 . It led us to conclude that the surface water of the analysed catchment was of a calcium hydrogen carbonate and sulphate type (Ca-HCO 3 -SO 4 ) and, seasonally, of a calcium magnesium hydrogen carbonate and sulphate type (Ca-Mg-HCO 3 -SO 4 ). In the final years of the analysed period, the type of water changed into calcium hydrogen carbonate, sulphate and chloride (Ca-HCO 3 -SO 4 -Cl). In 2012 the hydro chemical water type was significantly marked by sodium and chloride ions (Ca-Na-HCO 3 -SO 4 -Cl).
The indicators of acidification
Acidity, pH reaction and alkalinity are among the indicators of acidification.
In the analysed water samples, water acidity degree, resulting from carbon dioxide occurrence, varied from 0.00 to 0.31 mval•dm -3 (Fig. 11) . Values of pH reaction stood between 6.6 and 8.4, while the value range of class II was 6.7-8.1. It was found that alkalinity was 185.2-275.3 mgCaCO 3 •dm ) three times only.
The indicators of biogenic conditions
Phosphates phosphorus, total phosphorus, ammonia nitrogen, nitrite nitrogen and nitrate nitrogen are among the indicators of biogenic conditions.
In the Różany Strumień, the researchers determined the occurrence of the following indicator concentrations: phosphates phosphorus within the value range from 0.00 to 0.11 mgP-PO 4 •dm -3 , total phosphorus from 0.01 to 0,14 mgP•dm , and nitrate nitrogen from 0.08 to 3.54 mgN-NO 3 •dm -3 (Fig. 12) . In all the analysed samples of stream water, total phosphorus concentrations indicated quality class I. The values of total phosphorus determined for lake water classified the indicator to quality class II in 2001 and quality class I in 2006.
With regard to phosphates phosphorus, the earliest analyses showed phosphates phosphorus occurrence characteristic of quality class II or lower. Ever since the beginning of the 1990's, phosphates phosphorus occurrence in the water has complied with the highest quality class. At different times, the concentrations of nitrogen compounds in the analysed samples exceeded the limit values for quality class I and II. High concentrations of ammonia nitrogen and nitrite nitrogen in surface waters occurred in recent years in particular, whereas the concentrations of nitrate nitrogen reached high values back in the 1990's.
Additional quality indicators and heavy metals
During the research of surface waters of the Różany Strumień catchment, additional physical and chemical parameters were analysed, such as: turbidity, colour, dry residue, carbon dioxide, iron and manganese. Concentration changes in the parameters are presented in Figure 13 . For the indicators enumerated above no limit values are provided by the Regulation (Rozporządzenie… 2016).
In the analysed waters, turbidity and colour were determined within the limits from 5.0 to 22.7 mgSiO 2 •dm -3 and from 7 to 31 mgPt•dm -3 , respectively. Both colour and turbidity are not linked directly to water toxicity; however, sudden changes in water turbidity and colour may imply changes in water quality resulting from organic, non-organic or biological pollutant occurrence (Witczak et al. 2013 ). In the analysed water samples, dry residue varied from 482 to 693 mg•dm -3 . Determined concentrations of total iron occurred mainly within the range from 0.00 to 0.56 mgFe•dm -3 . It was only in January 1995 that the value was higher, reaching 1.13 mgFe•dm -3 in the Różany Strumień. In the years from 1988 to 2012, manganese was found in the Różany Strumień only, and its concentration maximum limits amounted to 0.33 mgMn•dm -3 . Table 2 compares the concentrations of heavy metals, fluorides and bromides determined at RS3 sampling point in the years 2011 and 2012. The values of parameters concentrations were insignificant. Substances particularly harmful to the aquatic environment did not exceed the limits applicable for classes I-II.
During the physical and chemical research of Lake Umultowskie, carried out in 2006, the researchers determined indicators such as transparency (Secchi depth), total phosphorus and chlorophyll a (Table 3 ). The trophic index of lake waters, following Carlson (1977) 
Discussion
The Różany Strumień catchment is situated within the limits of the Poznań agglomeration. The anthropogenically-changed environment of the catchment is a consequence of a railway construction, agricultural activity, housing and services estates development including road infrastructure and sewerage system. Changes in land use occurred in the early 2000's, in particular: the area of farmland was reduced, and there occurred an intensive development of residential buildings and an academic campus.
In the 1990's, the Różany Srumień was acknowledged as one of the cleanest watercourses in Poznań, and lake Umultowskie was classified as a clean water reservoir with medium eutrophia (Mickiewicz-Wichłacz 1995) . In general, the surface waters of the catchment matched water quality class I, with only a few parameters matching class II (choiński et al. 1993 (choiński et al. , 1995 (choiński et al. , Jackowiak et al. 2002 . Changes in legal regulations, water quality standards and the chemical composition of the water resulted in classifying the physical and chemical parameters of the surface water in the Różany Strumień catchment as class II or lower. The average values of indicators of the river water in the years 1988-2012 are shown in Table  4 1988-2012 1988-2012 1988-2002 2006-2012 1988-2002 2006-2012 (17) 882 (4) 339 (7556) ), mostly having slightly base reaction (Dojlido 1995) . The researchers observed the following changes in the major ions concentrations in the waters of the analyzed catchment: a hydrogeochemical water type changed from calcium, hydrogen carbonate and sulphates to calcium, hydrogen carbonate sulphates and chloride and calcium, sodium, hydrogen carbonate, sulphates and chloride.
In order to establish trends in chemistry changes in the surface waters of the Różany Strumień catchment resulting from the transformations in land use, the researchers compared average values of particular physical and chemical parameters determined in the years 1988-2002 and 2006-2012 (Table 4 ). In that respect, one can recognise an unfavorable change in water quality of the Różany Strumień in terms of cod-Mn, conductivity, chlorides, sodium, ammonia nitrogen or nitrite nitrogen. At the same time, decreased values of indicators such as phosphates and sulphates can be observed.
The correlation of high concentrations of phosphates, turbidity and manganese in the first observation period, attributable to winter time, indicates an increased transport of these substances from the catchment area to its surface waters. lower phosphate concentrations in Różany Stumień water in recent years may result from: 1) the binding of phosphorus by plants during spring months, 2) less erosion of phosphorus-absorbed soil, 3) the decreasing area of agricultural land.
The migration of nitrate in the environment, from the source of contamination to the receiver, occurs in a different manner than in the case of phosphates. For example, transport is not slowed down by adsorption processes. In the years 1988-2012, there occurred periods of high concentrations of nitrates. It could be attributed to the inflow of pollutants from several potential pollution sources in the catchment: agricultural land, gardens or built-up areas.
The higher concentrations of nitrogen compounds in the form of ammonia nitrogen and nitrite nitrogen have been observed in recent years in the spring, summer and autumn months. The form of nitrogen compound occurrence may imply the existence of a source of pollution located relatively close to the measuring point (Dojlido 1995) . This would indicate a connection with the recent intensive development of, among other things, housing estates and public buildings, in the central part of the catchment. Pollution with nitrogen compounds could possibly result from anthropogenic activities within the catchment, such as domestic sewage or applying fertilizers in home gardens or green areas.
Lower concentrations of sulphates, observed, for instance, at base stations of the Integrated Environmental Monitoring, are a result of a lower sulphur dioxide content in the air as well as a lower content of sulphates in precipitation (Kostrzewski et al. 2011 ).
An increase in chloride and sodium concentrations in urban areas is usually a result of the impacts of the transport infrastructure and domestic pollution (Dojlido 1995) .
Urbanization causes changes in the hydrological conditions in the catchment. The sealing surface, associated with the development of buildings, reduces the circulation time of water and can lead to a faster flow of pollutants from the source to the receiver -river or lake.
Conclusions
The conducted variability analysis of selected physical and chemical properties of surface waters in the Różany Strumień catchment area in the years 1988-2012 found that the surface waters in the catchment belong to hard and very hard, slightly basic type of waters. As observed, hydrogeochemical type of water transformed from calcium-hydrogen carbonate-sulphate to calcium-sodium-hydrogen carbonate-sulphate-chloride.
The catchment waters, in terms of their physical and chemical parameters, are often classified as class II or lower (concentrations of indicators exceed the limit values of quality class II). In recent years the deterioration of Różany Strumień water quality was observed in terms of the chemical oxygen demand, conductivity, chlorides, sodium, ammonia nitrogen and nitrite nitrogen concentrations. A decrease of phosphates and sulphates in the water was also noticed. Changes in water chemistry are most likely a result of anthropogenic impacts and are associated with transformations in land use in the catchment area -the ongoing urbanization process of the area.
Transferring the research results of surface water chemistry onto other catchments is difficult for the chemical composition of surface waters is influenced by factors such as geological structure, climate, intensity of flow, vegetation, land use and other. The chemical composition of water indicates that the surface water of the Różany Strumień catchment deviates from the chemical composition of natural river waters. The researchers observed higher values of conductivity, alkalinity, hardness and nitrogen compounds in the Różany Strumień water, compared to average values of European rivers water indicators.
Physical and chemical water analyses conducted irregularly or, from 2008 onwards, at only one sampling point, do not show the whole picture of surface water quality within the catchment. As a result of the ongoing urban development within the area of research, the significance of organized physical and chemical parameter analyses of surface waters in the Różany Strumień catchment is still growing.
